The aging is accompanied by a gradual decline in balance and increases risk of falls. Pilates has been used for balance training. The purpose of this research was to systematize studies regarding the effects of Pilates exercise interventions on static and dynamic balance of elderly people. A survey was conducted in three indexed databases: Medline/Pubmed, Scopus and Science Direct, using the descriptors "balance" or "equilibrium" with the term "Pilates". Fifteen articles were selected and used in this systematic review. Based on the results, we observed that the practice of Pilates with a minimum frequency of two sessions per week for an hour lasting for a period of at least five weeks or three times per week for 12 sessions or more showed improvement on static and dynamic balance of elderly.
Introduction
Increased life expectancy has generated growing interest in understanding health problems related to aging. It has been well established that aging is accompanied by a gradual decline in balance due changes in proprioceptive system 1 , which can increase risk of falls. Falls in elderly remain a major source of morbidity, mortality, reduced functionality and independence 2 . Balance is defined as a person's ability to control their body position within the limits of the base of support 3 . Balance can be categorized in Static balance (quiet erect standing) and Dynamic balance (the capacity to maintain or regain a stable position of the body during movements or in response to a perturbation) 4 . Maintaining balance is crucial for the successful performance of most movements practiced in daily life or movements involving high complexity and requiring self-proper body control 5, 6 . Postural control is resultant of the synergy of small muscle contractions, which maintain the center of gravity within the limits of stability and orientation of the body in order to adapt to gestures and techniques according to the demand of the activity 7, 8 . Postural control depends on the interaction of the sensory system (visual, vestibular and somatosensory) with the central nervous system and with the neuromuscular system. The central nervous system receives sensory information about the body position and responds by activating a specific musculature 9 . The deep muscles of the trunk or core muscles have been identified as great aids to maintain balance [10] [11] [12] . Core consists of 29 muscles separated into two systems: global, which are superficial muscles that perform movements dynamically; and local, which are the deep muscles (in-cluding multifidus and transversus abdominis) responsible for stabilizing the trunk during the performance of activities. The better the activation of core muscles, the better the individual's ability to maintain balance 13, 14 . The practice of Pilates has been widely used to activate the muscles of the core. The method focuses on toning the deep core stabilizer muscles using control and conscious movements that allows the practitioner to improve fitness, muscle tone, posture, flexibility and balance 11, 12, 15 . Exercises can be performed on mat using the body weight, or with specific apparatus, such as the Reformer, Cadillac, Chair and Barrel, which were developed by the creator, Joseph Pilates (1880-1967). Other accessories as elastics, ball and rollers are also used during mat or apparatus classes to enable different kinds of exercises in order to improve strength, stretching and postural realignment 11, 16 . Experiment results have consistently demonstrated that Pilates has a positive effect on healthy subjects' balance. Indeed, Cruz-Ferreira 17 conducted a systematic review and found evidences to support the use of Pilates to improve dynamic balance. However, there is some contradiction about the intervention methods, the frequency, time and the methods of evaluating balance and lack of consistent information regarding Pilates prescription for elderly people, who can be benefit with balance improvements and diminish risk of falls. In fact, it has not been established yet how much and what types of range of motion exercises are the most effective for elderly people 18 . Thus, this literature review aims to systematize studies focusing on the effects of an intervention with Pilates exercises on static and dynamic balance of elderly people.
Methods
Articles were selected on April 2017, by searching three indexed databases: Medline/PubMed; Scopus and Science Direct with the key words "balance" or "equilibrium" and the term "Pilates", which although it is not a health science descriptor, is fundamental to the development of this study.
A set of criteria were selected to compose the review and included: original articles; published in peer-reviewed journal; dated between 2006 and March 2017; written in English; conducted as randomized controlled trial, quasi-experimental studies and cross over method; evaluated the effect on subjects' balance; and studied healthy individuals with an average equal to or greater than 65 years.
The research initially generated a total of 762 articles. Of these, 488 studies were within the period of interest (2006 ( -March 2017 . After checking for repeated studies and verifying the terms in the title and abstract, 59 eligible articles were further screened. Two review authors independently applied inclusion criteria for the studies after reading abstracts and selecting potential studies. The assessors critically analyzed and discussed the selection of article and disagreements were resolved with a third reviewer when needed.
The articles were primarily selected by analysis according to the abstract, then by reading the full article, focusing on criteria and objectives of the study. At the end of the evaluation, fifteen relevant articles were included in this systematic review. The following data were extracted independently by two reviewers: author, years of publication, subjects, study design, Pilates method of intervention, balance variables studied and key results.
Methodology quality assessment was evaluated according to a protocol developed for the present study based on Bento et al. 2 . The 11 criteria judged important for this review were as follows: control group; random allocation of the subjects; initial similarity between groups; blind evaluation; intervention with Pilates method; supervised program; minimal frequency of training of twice a week; minimal duration of the program of eight weeks; static balance evaluation, dynamic balance evaluation; reliable instruments for assessment. Higher scores denoted better article quality.
Data were systematized by the comparison established between Pilates intervention and control group (inactive) or initial condition and post-intervention condition for studies with a single group. The results of the static and dynamic balance were used to report the differences. Strength of scientific evidence was measured by "best evidence synthesis", which determines strength by the number and quality of studies and consistency of results 17 .
Results
Flowchart of the article selection process is showed in Figure 1 . Fifteen articles were considered relevant and were used in this systematic review. All of the selected studies conducted Pilates intervention with a minimum of 40 minutes sessions and evaluated the effects of this exercise on balance of elderly people. The average age of the participants was 70.35 ± 2.85 years. Although this is quite high, participants were in general healthy and physically independent.
Score for methodological quality assessment protocol ranged from 5 to 10 (mean 8), indicating moderate quality of studies. The quality criteria satisfied by all researches were related to "supervised program" and "reliable instruments for assessment". While the criteria least checked corresponded to "similarity between groups" (2 articles) and "blind evaluation" (6 articles). Score for methodological quality assessment protocol is presented in Table 1 . Regarding the methodological procedures, ten articles (66.7%) conducted a randomized controlled study [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] , while four articles [30] [31] [32] [33] (26.7%) conducted a quasi-experimental study evaluating the data from the same population before and after the intervention. Only one study 34 (6.7%) used a cross over method. Moderate evidence was found for improving static and dynamic balance by "best evidence synthesis". Four articles evaluated only static balance 19, 20, 25, 32 , while three evaluate dynamic balance 22, 31, 33 and eight both conditions 21, 23, 24, [27] [28] [29] 30, 34 . Pilates exercise demonstrated ability to improve static and dynamic balance in almost all studies. Pilates methods, frequency, variables and results can be observed in Tables 2 and 3 .
Discussion
This review was conduct in order to systematize studies focusing on the effects of intervention with Pilates exercises on static and dynamic balance of elderly people. Fifteen select articles showed moderate to good methodological quality and evidence to support that exercise with apparatus or a combination of exercise on mat and with apparatus can improve both static and dynamic balance after an intervention period of twice per week or more. Mat Pilates exercises showed improvement when practiced with a minimum frequency of three times per week.
Although Newell et al. 32 Pata et al. 33 and Donath et al. 23 did not show significant results with mat and/or apparatus exercises once or twice per week, the results portray a positive trend in relation to balance. Kaesler et al. 30 , Siqueira et al. 20 , Barker et al. 22 , Josephs et al. 28 and Sofianidis et al. 29 observed that Pilates practiced twice per week between 8 to 12 weeks allow improvements in balance and may prevent falls. Bird et al. 34 suggest that after the fifth week it is already possible to identify balance improvement. Mesquita et al. 27 found that when Pilates is practiced with a higher weekly frequency, i.e. three times a week, 12 sessions were sufficient to promote changes in balance. Hyun et al. 21 and Mokhtari et al. 31 also found balance improvement after 12 weeks of Pilates practice three times per week. Curiously, Gabizon et al. 24 did not find improvement on balance with Pilates intervention three times a week in 36 sessions. Maybe the exercises performed were not balance challenging enough for the population studied. In addition, Markovic et al. 25 observed that practice with Huber device can be more effective to training balance than Pilates.
Different methods of practicing Pilates showed positive results. For example, practice using elastic or springs as resistance has shown to provide greater positive effect on increasing force 19 . On the other hand, mat exercises can be performed in any place with a lower cost. Other interventions analyzed also showed improvement similar or greater in balance, i.e., traditional balance 23 and strength training 28 , proprioceptive neuromuscular facilitation 27 , training performed on Huber device 25 and latin dances 29 . Regardless the type of exercises, the frequency of session must be considered, once exercise with apparatus or combined exercises (apparatus and mat) had shown no effect at a lower frequency (once a week for example). These results can be justified by the fact that with a lower frequency participants were not able to adapt and retain the benefits that Pilates exercise may cause.
Although these studies did not assess the mechanisms responsible for the effect of Pilates training, Pata et al. 33 suggest that the increase in balance can be a con- sequence of the strengthening of core muscle which allows for greater distal mobility and a better control of body alignment. This idea is supported by Kibler 35 who claim that the correct activation of the core enable an anticipatory postural adjustments which creates a stable base of support for performing activities. While Mokhtari et al. 31 state that muscle activation and proprioceptive stimulus performed during intervention may cause a displacement of the center of the ankle joint, thus improving balance. Similarly, Siqueira et al. 20 claim that increases in strength might improve the speed of muscle activation response and proprioception. As a consequence, it is possible to verify an improvement in balance and autonomy of the participants.
Considering that the average age of the population of the related studies is above 65 years, minor imbalance is important so that individuals can perform activities of daily life more easily, reducing the risk of falling and increasing independency in performing the movements. Other benefits related to the practice of Pilates, which are important for the health of the elderly, are improvements in functionality 20, 30 , velocity and step length 32 . Thus, the practice of Pilates is recommended for preserving functional abilities that change with aging. Despite the moderate to good score for methodological quality and strength of the scientific evidence, this literature review has the limitation that none of the articles evaluated the mechanism responsible for the effect of practicing Pilates on balance. Thus, only speculations can be used to explain the changes between the variables tested.
Articles demonstrated moderate methodological quality and science evidence. Pilates training demonstrated in general positive results on balance, functionality, gait speed and stride length of elderly. Core muscle strengthening, activation of proprioception, improvement in strength and speed of muscle activation response, might be possible explanations for the benefits founded. Improving balance is important for maintaining a better ability to perform activities of daily life, decrease the risk of falling and increase independence in performing simple and complex movements 5, 6 . Current literature suggests that Pilates training should be performed at least twice per week in sessions with apparatus or a combination of mat and apparatus exercise and three times per week on mat only to balance improvements. The duration of the session must be at least of 40 minutes, for a period equal or greater than five weeks when practiced twice per week or from 12 sessions, when practiced three times per week with challenge and task specific, in order to be significantly effective in improving balance of the elderly.
